Objective: To evaluate the impact of a nutritional intervention promoting a Mediterranean food pattern on anthropometric profile in healthy women. Design: Nutritional intervention study. Setting: Laval University, Canada. Subjects: Seventy-seven healthy women started the study and four did not complete the study. Methods: A 12-week nutritional intervention in free-living conditions consisted of two group courses on nutrition and seven individual sessions with a dietitian. A follow-up visit was performed 12 weeks after the end of the intervention (week 24). A Mediterranean dietary score (MedScore), based on the 11 components of the Mediterranean pyramid, was established to evaluate the adherence to the Mediterranean food pattern. Results: Small but significant decreases in body weight and waist circumference were observed after 12 weeks of intervention (0.5 kg and 1.2 cm, respectively (Po0.01)). Increase in partial MedScore for legumes, nuts and seeds (increase in consumption) as well as increase in partial MedScore for sweets (decrease in consumption) were significantly associated with changes in waist circumference (r ¼ À0.36, P ¼ 0.001; r ¼ 0.24, P ¼ 0.05, respectively). No association was observed between changes in anthropometric profile and changes in the consumption of olive oil. Conclusion: Changes in dietary food pattern, more specifically an increase in the consumption of legumes, nuts and seeds, and a decrease in the consumption of sweets, were associated with some beneficial changes in anthropometric profile.
Introduction
Cardiovascular disease (CVD) is the major cause of mortality in Canada. In early 1960s, the first results of the Seven Countries Study demonstrated that the diet was an important risk factor for CVD (Keys, 1970) . These results have contributed to increase the interest toward the Mediterranean food pattern. The Mediterranean diet (MEDdiet) is characterized by a high consumption of fruits, vegetables, legumes and grains, food with high monounsaturated to saturated fatty acid ratio, moderate consumption of dairy products and ethanol (mainly wine), and low consumption of meat and meat products (Ferro-Luzzi and Sette, 1989; Ferro-Luzzi and Branca, 1995; Trichopoulou and Lagiou, 1997) .
Obesity and more specifically abdominal obesity has been shown to increase the risk of CVD and type 2 diabetes (Kissebah, 1996; Obesity, 1997) . Low-fat/high-carbohydrate diets have been largely advocated as the primary strategy to prevent obesity and CVD. Diet rich in carbohydrates has been shown to promote a spontaneous decrease in energy intake that subsequently leads to significant weight loss (Tremblay et al., 1991) . However, it has been shown recently that a high-carbohydrate diet may potentially have undesirable impact on plasma triglyceride and high-density lipoprotein cholesterol (Sacks and Katan, 2002) .
The MEDdiet is not considered as being restrictive on the quantity of fat intake. Concerns have been raised about the potential weight gain effect associated with such an unrestrained fat intake (Kendall et al., 1991) . Indeed, in the MEDdiet, percentage of energy derived from fat may vary from less than 25% to more than 35% depending upon the region, but the main visible fat is always in the form of olive oil (Willett et al., 1995) . A recent review argues that a diet high in fat does not appear to be the primary cause of the high prevalence of excess body fat in our society, and reduction in dietary fat will not be the only solution for decreasing obesity prevalence (Willett, 1998) . Recent data have indicated that adherence to the MEDdiet was inversely associated with body mass index (BMI) and obesity in men and women (Schroder et al., 2004) . In addition, another study has shown that ad libitum intake of a Mediterraneanstyle diet providing as much as 20% of energy as monounsaturated fat and 40% of energy as total fat was associated with a body weight reduction of 2.3% after 6-7 weeks of intervention (Archer et al., 2003) . Weight loss in that study was not likely to be attributable to an increase in monounsaturated fatty acid consumption per se but rather to global dietary changes in the quality of the diet. In fact, other components of the MEDdiet such as unrefined carbohydrate and large amounts of fruits and vegetables may promote satiety and help to prevent weight gain.
To the best of our knowledge, very few studies have tested the effect of the MEDdiet on weight fluctuations under 'unrestricted, uncontrolled, real-life situation' that is, in free-living healthy subjects. Our objective was therefore to evaluate the impact of a nutritional intervention promoting a Mediterranean food pattern on anthropometric profile, in healthy free-living women. Also, we wanted to determine which of the individual components of the MEDdiet could explain changes in body weight and waist circumference. In order to reach this objective, we studied a group of healthy free-living women from the Québec City metropolitan area participating in a nutritional intervention promoting the Mediterranean food pattern. The evaluation of the shortterm impact of the intervention has previously been reported (Goulet et al., 2003) , this paper presents the results of the long-term outcome evaluation.
Subjects and methods

Subjects
Women aged 30-65 years from the Québec city metropolitan area were recruited through the Laval University newspaper during the summer of 2001. To be eligible, women had to be free from metabolic disorders requiring treatment, to have stable body weight for at least 3 months before the start of the study and to be in charge of food purchases and meal preparation most of the time. Women who were already consuming a diet concordant with the Mediterranean food pattern were not included in the study. One hundred and twenty-six women were invited to a screening visit for an evaluation of their food habits. Among this initial group of women, 94 were found to be eligible according to the above criteria. Seventy-seven women signed the informed consent form, which had been approved by Ethics Committees of Laval University. Three women left the study for personal considerations and one woman did not complete the food frequency questionnaire (FFQ) at week 12. Therefore, we have complete data for 73 women at week 12. In addition, 11 of these 73 women did not show up at week 24 for their follow-up visit.
Intervention
The methodology of the nutritional intervention has been described previously (Goulet et al., 2003) . Briefly, the study was conducted in two phases. Each phase was conducted using a similar 12-week intervention design. The first phase started in August 2001 and the second began in January 2002. The intervention included two group sessions with eight participants per group. During the first group session, the registered dietitian explained the major principles of the MEDdiet and heath benefits associated with this food pattern. Four weeks after the beginning of the intervention, subjects were invited to a Mediterranean cooking lesson during which they had to produce a complete meal. Individual visits took place during the first, sixth and 12th weeks of the intervention in order to evaluate the dietary changes and to select further objectives for increasing the adherence to the Mediterranean food pattern. During individual sessions, the registered dietitian used FFQ and the Mediterranean food pyramid to identify specific objectives. The pyramid used for this study was adapted from The Traditional Healthy MEDdiet pyramid. (Copyright 2000, Oldways Preservation and Exchange Trust http://www. oldwayspt.org). Unannounced qualitative 24-h recalls were performed by telephone at weeks 2, 4, 8 and 10. The objective of these recalls was to provide support and to reinforce the key principles of the MEDdiet. Three registered dietitians were trained to provide a standardized intervention. Twelve weeks after the end of the nutritional intervention (week 24), subjects were invited to a last individual session with the dietitian, to complete the FFQ.
Mediterranean dietary score
A validated administered-FFQ was completed at screening (t ¼ 0) and then at weeks 6, 12 and 24 (Goulet et al., 2004) . Briefly, for the measurement of the validity of the questionnaire, nutrients intakes, derived from the FFQ, were compared to intakes obtained by the 3-day food record completed in the same subjects. Comparisons were performed for baseline (week 0) as well as for post-intervention values (week 12) to determine whether our FFQ would permit to identify similar changes in nutrient intakes in response to the intervention as the ones measured by the 3-day food record. In order to evaluate the short-term reproducibility of the FFQ, two registered dietitians administered the FFQ 4 weeks apart among subjects who were not taking part in the nutritional intervention. The FFQ has been previously described by Goulet et al. (2003) . Briefly, the FFQ was administered by a registered dietitian and is based on typical foods, which are available in Québec. It contains 91 items and 33 subquestions. Participants were questioned about frequency of intake for different foods during the last month and were asked to report the frequency of these intakes in terms of day, week or month. A partial score varying from 0 to 4 was attributed to each of the 11 components of the pyramid. Components of the Mediterranean pyramid are: grains, fruits, vegetables, legumes, nuts and seeds, olive oil, dairy products, fish, poultry, eggs, sweets and red meat/processed meat. For food groups at the bottom of the pyramid (grains, fruits, vegetables, legumes, nuts and seeds, olive oil, fish) a high score reflected a high consumption. Inversely for food groups at the top of the pyramid (red meat/processed meat; sweets and eggs), a higher score was attributed for a lower frequency of intake. For dairy products, an intake of 2-3 portions a day was considered as a typical Mediterranean intake and four points were allowed for such an intake. For poultry, four points were allowed when the mean intake was three portions per week. The Mediterranean dietary score (MedScore) could therefore vary between 0 and 44 points (Goulet et al., 2003) . Eligible women were those with a MedScore at screening that was below an arbitrary value of 27.
Anthropometry
At weeks 0, 6, 12 and 24, body weight, waist circumference and height were measured according to the procedures recommended at the Airlie Conference on the Standardization of anthropometric measurements (Airlie, 1988) and BMI was calculated. Briefly, height was measured to the nearest millimeter with a stadiometer, and body weight was measured to the nearest 0.1 kg on a calibrated balance. Participants were asked to remove their shoes for these last measurements. Waist circumference was measured in duplicate at the mid distance between iliac crest and last rib margin while the woman was in a standing position and the measurement was recorded to the nearest millimeter.
Nutritional analysis
Evaluation of nutrient intakes derived from FFQ was performed using the Nutrition Data System for Research software version 4.03, developed by the Nutrition Coordination Center, University of Minnesota, Minneapolis, MN, USA, Food and Nutrient Database 31, released in November 2000 (Schakel et al., 1988) . This database includes more than 16 000 food items for which the complete nutritional value of 112 nutrients is included. Intakes from vitamin and mineral supplements were not included in the present analysis that focused on dietary nutrients only.
Statistical analysis
Data collected at the beginning (week 0) and after 6, 12 and 24 weeks were compared using analysis of variance for repeated measures to identify time effects. In the presence of significant time effects, contrast analyses were used to determine precisely the location of the significant differences. As the intervention was conducted over two phases, terms reflecting the potential phase-effect was systematically entered in each model to account for potential interaction with the treatment effect. A total of 62 participants came to the follow-up visit (week 24). Baseline values were carried forward for participants with missing data at week 24. The dietary variables were log transformed when necessary to obtain a normal distribution. Spearman correlations were computed to quantify associations among variables. All analyses were performed with the SAS statistical package version 8.02 (SAS Institute, Cary, NC, USA).
Results
Anthropometric profile of the study participants is presented in Table 1 . Six weeks after the beginning of the nutritional intervention, BMI decreased slightly but significantly (P ¼ 0.05). The reduction in BMI remained statistically significant at week 12 but not at week 24. Waist circumference measured at week 12 was statistically lower than the value measured at baseline (Po0.0001) and this remained significant at week 24 (P ¼ 0.04).
As shown in Table 1 , the MedScore increased significantly after 12 weeks of nutritional intervention (from 21.373.5 to 29.274.5 arbitrary units). Also, at week 12 an increase in the consumption of olive oil, vegetables, fruits, legumes, nuts and seeds, grains products, poultry and fish was observed and was reflected by a significant increase of the partial MedScore for these components of the Mediterranean pyramid (Po0.01) (Figure 1 ). In addition, a reduction in the consumption of red meat/processed meat and sweets was observed and was reflected by a significant increase (Po0.0001) in the partial MedScore for these components of the Mediterranean pyramid. At week 24, the MedScore was significantly decreased compared to the value measured at week 12 (À2.574.4, Po0.0001) but remained significantly higher than values at baseline. Also, the consumption of olive oil, legumes, nuts and seeds and fish decreased and the consumption of sweets increased significantly between week 12 and 24 (Po0.05) (Figure 1 ). Table 2 shows the effect of the nutritional intervention on dietary variables as measured by the FFQ. The 12-week nutritional intervention resulted in significant decreases in energy intake (À1307486 kcal). The relative intake from lipids and saturated fatty acids (SFA) also significantly decreased from 36.376.2 to 33.575.4% and from 12.373.0 to 9.471.9%, respectively (Po0.002). The relative intake of proteins and carbohydrates increased significantly by 1.3 and 2.4% respectively. A significant increase in the absolute dietary fibre intake was observed (Po0.01) ( Table 2 ). These changes were maintained at week 24 except for relative intake of SFA and fibres that were significantly different from the values at week 12. However, at week 24 relative intake of SFA was still significantly lower and intake of fibres was still significantly higher than values at baseline.
Among the total sample of women, variations in the MedScore in response to the nutritional intervention were associated with concurrent changes in waist circumference Po0.0001. Significantly different from week 12, 4 Po0.05. For grains; fruits; vegetables; legumes, nuts and seeds; olive oil; fish, a high score reflected a high consumption. Inversely for red meat/processed meat; sweets and eggs, a higher score was attributed for a lower frequency of intake. For dairy products, an intake of 2-3 portions a day was considered as a typical Mediterranean intake and four points were allowed for such an intake. For poultry, four points were allowed when the mean intake was three portions per week. A higher MedScore indicated a closer adherence to the MEDdiet.
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J Goulet et al and body weight (r ¼ À0.24, P ¼ 0.06; r ¼ À0.29, P ¼ 0.02) (Figure 2 ). More specifically, increase in the partial MedScore for legumes, nuts and seeds at week 12 (reflecting an increase in consumption) was significantly associated with a decrease in waist circumference (r ¼ À0.36, P ¼ 0.001) and tended to be associated with a decrease in body weight (r ¼ À0.20, P ¼ 0.08) ( Table 3 ). In addition, an increase in the partial MedScore for sweets at week 12 (reflecting a decrease in consumption), was correlated with a decrease in waist circumference (r ¼ À0.24 P ¼ 0.03). The reduction in the partial MedScore for sweets (reflecting an increase consumption in sweets) observed between weeks 12 and 24 was significantly associated with an increase in waist circumference between weeks 12 and 24 (r ¼ À0.37, P ¼ 0.001).
Changes in the relative intakes of SFA and trans fatty acid at week 12 were significantly associated with changes in waist circumference and body weight (r ¼ 0.36, P ¼ 0.004; r ¼ 0.38, P ¼ 0.002; r ¼ 0.36, P ¼ 0.005; r ¼ 0.37, P ¼ 0.003 respectively). Finally, no significant association was noted between changes in the caloric intake and relative intakes of total fat, monounsaturated fatty acid or polyunsaturated fatty acid and anthropometric changes (results not shown).
Discussion
Our study was conducted in a group of free-living healthy women in whom we promoted the adoption of the Mediterranean food pattern. We examined the impact of our intervention on subsequent weight changes over a 6-month period. It is important to underline that no specific advice was given about weight reduction. We also showed that the nutritional intervention resulted in significant changes in the global dietary pattern, which were maintained after the end of the intervention. One of the strengths of our study is that we used intention-to-treat analyses and that results presented are therefore a conservative estimate of the effect .001. For grains; fruits; vegetables; legumes, nuts and seeds; olive oil; fish, a high score reflected a high consumption. Inversely for red meat/processed meat; sweets and eggs, a higher score was attributed for a lower frequency of intake. For dairy products, an intake of two to three portions a day was considered as a typical Mediterranean intake and four points were allowed for such an intake. For poultry, four points were allowed when the mean intake was three portions per week. A higher Mediterranean Score indicated a closer adherence to the Mediterranean diet.
of our nutritional intervention on body weight and waist circumference in healthy women.
Total dietary fat in the Mediterranean food pattern may vary according to the Mediterranean region and has been shown to range from less than 25% to more than 35% of total caloric intake (Willett et al., 1995) . Consequently, this food pattern is considered as a non-fat restrictive diet and concerns have been raised about the potential adverse effect on body weight associated with this diet. Our nutritional intervention conducted in free-living conditions indicated that an increase in total fat consumption may not be systematically observed when switching to a Mediterranean food pattern. A decrease of 2.8% in the percentage of energy derived from fat, despite a higher intake of olive oil consumption was observed in response to the 12-week nutritional intervention. The increase in the consumption of olive oil seems to be counterbalanced by a reduction in other sources of fat such as red meat and sweets. Consistent with our findings, results from a nutritional intervention, which promoted the traditional MEDdiet over a period of 24 months, reported a significant reduction in body weight (À5.1%) and waist circumference (À2.2%) (Esposito et al., 2004) . Two other studies have reported similar findings in response to a nutritional intervention promoting the MEDdiet (Castagnetta et al., 2002; Toobert et al., 2003) . Surprisingly, our results did not demonstrate a significant relationship between changes in caloric intake and changes in body weight or waist circumference, although mean caloric intake decreased in response to the intervention. It is possible that the FFQ used in our study was not able to detect with accuracy individual changes in caloric intake. Indeed, standard dietary assessment methods including food records and FFQ are known for their limitations regarding the precise measurement of energy intake (Bonifacj et al., 1997) . The doubly labeled water technique is an unbiased method to measure total energy intake (Seale et al., 1989; Seale and Rumpler, 1997) . Some studies have compared values of energy intake obtained by the doubly labeled water technique to values obtained by either FFQ or food records. In fact, compared to energy expenditure assessed by doubly labeled water technique, women under-reported their energy intake by 37% with the 7-day food record and by 42% with the FFQ (Mahabir et al., 2006) . Although, the doubly labeled water technique is the gold standard for measurement of energy intake, this method remains relatively more expensive and more complex as compared to FFQ or food records.
Correlation analysis demonstrated that the reduction in sweets consumption was significantly associated with decreases in waist circumference. Cakes, pies, chocolate bars, cookies, ice cream were all considered as sweets in our study. These foods are composed of sugar and fat, and it is not surprising that a decrease in the consumption of these high-energy density foods was associated with a reduction in waist circumference. Generally, we assume that consumption of energy dense foods is predictive of weight gain, because they favor a positive energy balance (Bell et al., 1998; Rolls et al., 2004) . A nutritional epidemiological study has shown that high-energy and high-fat food groups such as sweets are related to an increase in body weight (Schulz et al., 2002) . Also, a study by Schulz et al. (2002) demonstrated that women who lost weight reported, over a 2-year period, a lower consumption of cakes/biscuits sweets and fat compared to women who maintained a constant body weight. Our results support these observations in a context of a nutritional intervention promoting a decrease in the consumption of sweets which was associated with a reduction in caloric intakes (results not shown). Also, our results indicated that an increase in the consumption of sweets after the end of the intervention (between week 12 and 24) was associated with a weight regain between week 12 and 24. This finding is providing further support to a significant effect of the consumption of sweets on body weight management.
Our results also showed that an increased intake of legumes, nuts and seeds was associated with a decrease in waist circumference. Recently, the association between nut consumption and body weight fluctuation drew the scientific interest. Nuts are considered as high-energy density foods and in theory, their regular consumption may lead to body weight gain (Bell et al., 1998) . However, epidemiological studies indicated an inverse association between frequency of nuts consumption and BMI (Jiang et al., 2002) . It has been shown in nutritional interventions in free-living subjects, in which no constraint on body weight was imposed, that subjects who were on a diet rich in nuts tended to lower their body weight (Fraser et al., 2002) . McManus et al. (2001) suggested that a MEDdiet rich in nuts may represent an attractive alternative to a standard low-fat diet and could result in better long-term adherence, and larger weight loss. Hypotheses have been suggested to explain these observations. Levine and Silvis (1980) reported in 1980 that consumption of 76 g of peanuts for 4-6 days resulted in 18% fat excretion and stools contained intact portions of nuts, thus lipids were not available for digestion. Fatty foods are often considered palatable but not satiating whereas nuts are palatable and satiating due to the non-fatty components such as dietary fibers and proteins.
In our study, the partial MedScore for 'legumes, nuts and seeds' included the consumption of legumes that are also rich in fibers and proteins, which could contribute to their satiating effect. It can be hypothesized that subjects who markedly increased their consumption of legumes, nuts and seeds benefited from an increased satiety effect provided by these foods and spontaneously decreased overall food consumption. Surprisingly, changes in the MedScore for legumes, nuts and seeds was not associated with changes in caloric intake. However, when analyses were conducted after excluding subjects with a positive or negative change in caloric intake greater than 500 kcal (between weeks 0 and 12), significant association between the partial score for legumes, nuts and seeds and calories was noted (r ¼ 0.34, P ¼ 0.02; data not shown).
Conclusion
In conclusion, a nutritional intervention promoting the Mediterranean food pattern in free-living conditions was effective in modifying food habits of healthy women from the Québec City metropolitan area. We acknowledge that the dietary response following our nutritional intervention promoting the Mediterranean food pattern was not corresponding to a perfect adherence to the principles of the MEDdiet. Nevertheless, significant improvements in the anthropometric profile were observed. These changes in the food pattern, more specifically changes in sweets and legumes, nuts and seeds consumption, were associated with marginal changes in anthropometric profile. Our results suggest that a Mediterranean food pattern is not associated with weight gain and could even be envisaged for long-term weight management.
